This study investigated the effect of biogas production on the removal hazardous waste properties. Biogas was produced from caw, chicken and mixed manure. Samples were taken before and after biogas production and tested for removal of total solid (TS), removal of chemical oxygen demand (COD), biological oxygen demand (BOD), and fecal coliform bacteria (FC). Results showed tremendous removal of the above mentioned parameters after biogas production. Chemical analysis of digestate indicates the advantages of using them as plant nutrients. Application of digestate in soil dramatically changed the chemical and physical properties of soil. It can be concluded that biogas production, is not only producing biogas but also removing waste parameters (TS, COD, BOD, FC) and producing plant nutrients.
Introduction
Accumulation of animal manure may create environmental problems such as air contamination [1] , soil contamination [2] , and water contamination [3] [4] . It became a potential beading site for fly and other insects. Remediation of waste becomes a pressing environmental problem in Gaza. Several attempts have been tested for bioremediation of waste. This included the use of cyanobacterial mats for bioremediation of chemical wastes [5] - [11] , use of sand filter [12] , land fills [13] , incineration of wastes [14] and composting of organic wastes [15] . So far, the cyanobacteria were able to use the organic pollutants as a source of carbon, whereas sand filter was able to reduce biological and chemical oxygen demand for wastewater and provided good quality wastewater.
The abovementioned studies were limited to waste management in general; it did not deal with the influence of biogas production on bioremediation processes.
So far, influence of biogas production on bioremediation processes remains poorly investigated or it is still in the primary stages. The authors of this study devoted their efforts to investigate the rule of biogas production on the bioremediation process.
Materials and Method
Biogas production process was operated as described recently [16] . On this regards, the remaining material in the digestion tank was tested for physico-chemical changes and compared with the original materials.
Sampling of Digestant
Digestate samples were taken only one time before operating the biogas production system. Then samples were collected each two days after operating the biogas production system during a period of 28 days of biogas production. 
Determination of Physico-Chemical Properties

Application of Digested Manure in Agriculture as Fertilizer
Lettuce seedlings were purchased from a certified seedling production house.
The seedlings were sown in plastic pots 10 L capacity each, having four halls in the bottom to allow water drainage movement. Each plastic pot contained 9 kg sand soil collected from an agricultural area having a history of free using organic fertilizers.
The experimental design included three treatments as follows: treatment 1 includes lettuce seedling sown in 5 plastic pots and receiving only fresh water, this treatment acts as control sample, treatment 2 includes lettuce seedlings sown in 5 plastic pots and receiving fresh manure (before biogas production), treatment 3 includes lettuce seedling sown in plastic pots receiving digested manure. The quantity of manure tested corresponded to the rate of 1 kg/m 2 of soil according to the recommendation of ministry of agriculture [18] .
Percentage of lettuce was calculated by measuring fresh weight of lettuce after three weeks of sowing and taken as indicators of growth [19] or growth inhibition [20] . 
Statistical Analysis
Percentage of remediation was calculated by comparing the values at the beginning with that at the end of experiment. Large differences indicate best removal of corresponding pollutants. Average and standard deviation were calculated to each treatment. t-test was used to detect differences among treatment at p-value = 0.05. Low value of standard deviation indicates homogenization and accuracy of the work. We included error bars in the figures where applicable. An overlapping of error bars indicates no significant differences. We also added letters in tables to indicate similarity of results.
Results
Profile of Acidity (pH) in the Digestion Units
pH profiles of daily measurements of manure during the gas production period are shown in Table 1 . It has been shown that cow manure, chicken manure and mixed manure have the following pH ranges during biogas production; (7.98 ± 0.02) -(7.58 ± 0.01), (8.50 ± 0.01) -(8.20 ± 0.02) and (7.97 ± 0.01) -(7.50 ± 0.03) respectively.
It can be seen that all pH ranges declined to a more acidic value during the biogas production regardless to the alkalinity range.
Removal of Total Solid (TS)
Percentage of TS removal of the manures is presented in Figure 1 . It can be noticed that percentage removal TS are above 80% at all tested manure but the highest removal was observed with chicken manure followed by mixed one. The lowest removal was with cow manure. This indicates that TS value is being consumed during biogas production.
Electric Conductivity (EC) Measurements
Measured values of EC in manure are presented in Figure 2 . The values are increased gradually and reached the maximum after 28 day of operation. This data indicates that manure suspension became more ionic during the biogas production. This property is increased by time. This suggests that the large insoluble molecules turned to be destroyed to many small molecules due to chemical and biochemical reactions during biogas production. This resulted in production of ionic molecules that increased EC values. 
Percentage Removal of COD and BOD
Removal of COD and BOD from animal manures is presented in Figure 3 . It can be noticed that percentage removal of COD from animal manures did not exceed 50% in all types. On the other hands BOD removal was in a similar range.
However, removal of COD and BOD were lowest in chicken manure and highest in cow and mixed manure. Statistical analysis indicates significant difference in percentage removal of COD and BOD in different type of manure. These data indicated that biogas production generated a bioremediation process of manure.
Microbiology Analysis
Fecal coliform bacteria (FC) found in the manure before and after biogas production is show in Table 1 . 
Influence of Digestate in Soil Properties
Chemical changes on soil properties as a result of digestate application are shown in Table 2 .
So far the tested parameters are tremendously increased in soil due to addition of digestate after biogas production except pH value reduced to a lower pH.
The mechanical analysis of soil showed the following constituents: clay 17.5%; silt 1.25%, and sand 81.25%. Due to these properties soil has a texture of sandy loam with a bulk density of 1.51 g/cm 3 .
The increased values of the tested parameters indicate the changes of soil properties to suit the growth of different plants. Recent published work [16] showed the advantages of using digestate as fertilizer.
Discussion
The data in Figure 1 clearly show percentage removal of TS. It is obvious that the highest removal was observed in chicken manure followed by mixed manure.
The lowest removal was with caw manure. The explanation of these results is that chicken manure contained high fraction of organic nitrogen such protein, polypeptide and amino acids which can easily be degraded to ammonia by denitrifying bacteria. Cow manure contained high fraction of cellulose due the food nature of cows. Cellulose degradation is a little bit slower than protein, accordingly low removal TS was observed. This explanation is in accordance with previous reports [5] to 28 th day after biogas production. The increases of EC values indicate the degradation of organic molecules to ionic molecules due to bacterial activity. The highest EC value was obtained with caw manure compared to chicken and mixed manure. The explanation of these results is that cellulose molecules can be degraded to fatty acid as in caw manure, whereas in chicken and mixture the protein compounds can produce amino acids on the biodegradation. These acids have buffering capacity in the solution so that increased acidity may inhibit the biodegration so that production of more acids is stopped. On the other hand fatty acids produced from cellulose biodegradation have no acid buffering capacity accordingly larger EC values were obtained with cow manure. This is in accordance with a previous report [22] which provides similar explanation for other cases. On the other hand percentage removal of COD was high in cow manure followed by mixed manure; the lowest removal was with chicken manure. Moreover, BOD removal was highest in mixed manure and lowest removal was with chicken manure. The explanation of these results is that cellulose molecules or polysaccharide molecules can easily be oxidized more than protein molecules as in chicken manure. Similar explanation was given for waste water treatment [14] [23] . In addition, percent removal of FC exceeds 98% in all cases, indicating full destruction FC community in the manure. The explanation of these results is that the biodegradation of manure components produced toxic metabolites that destroy the FC community in the manure. Similar explanation was given by Safi et al. [8] .
Furthermore, analysis of soil samples before and after digestate application (Table 2) , indicates the production of plant nutrients due to biogas production.
Furthermore, recent application of manure increased agriculture yield and quality [16] .
Conclusion
The study revealed high percentage of TS removal in all type of tested manure. Percentage removal exceeds 80% in all cases. On the other hands EC values in-creased after biogas production indicating the production of ionic forms during the production of biogas. In addition COD and BOD removal was in the range of 20% -50%, indicating low and/or slow removing process. On the other hands FC removal was above 90%. An interesting outcome of the study is the production of plant nutrients during biogas production. It can be concluded that biogas production, is not only producing biogas but also removing waste parameters (TS, COD, BOD, FC) and producing plant nutrients.
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